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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED
I. INTRODUCTION
A considerable amount of research has been completed 
on the effects of phasic and static exercises on strength 
development, -Mitchem (22) pointed out the need for further 
research in phasic and static strength and endurance.
Muscular strength is measured by two different kinds 
of tests, . A phasic strength test measures the amount of 
contraction force a muscle can attain by shortening its 
length, A static strength test measures the amount of 
contraction force a muscle can attain without appreciably 
shortening the length of the muscle.
The use of a static strength test as the criterion 
to determine strength changes resulting from phasic muscle 
training assumes that an increase in one guarantees a pro­
portionate increase in the other. This is indicated in the 
following studies by the use of static strength tests to 
measure changes due to both phasic and static training,
Salter (2?)» Sullivan (28), Mathews and Kruse (21), and 
Rasch and Morehouse (26) compared changes in strength due to 
phasic and static training by means of a static strength test, 
The assumption that an increase in phasic strength guarantees 
a proportionate increase in static strength needs more con­
sideration.
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Muscular endurance is repeatedly acknowledged as one 
of the most Important factors determining success or failure 
in athletic contests. There is evidence that endurance is 
dependent upon adequate muscle strength. Morehouse (23) 
points out that endurance may be ameliorated by increasing 
muscular strength and improving physical conditioning. He 
also states that an athlete with abundant endurance can sus­
tain strenuous work for long periods of time.
By studying the relationship of phasic and static 
muscular strength and phasic and static muscular endurance, 
an increased understanding of strength and endurance are 
procured. Strength and endurance are an integral part of 
fitness. By understanding the relationships between phasic 
and static muscular strength and. phasic and static muscular 
endurance, fitness may be accomplished with greater economy,
II, THE PROBLEM
Statement of the problem. It was the purpose of this 
study (1) to investigate the validity of employing a phasic 
strength test to measure static strength improvement, and the 
validity of employing a static strength test to measure phasic 
strength improvement; (2) to determine whether a phasic strength 
measurement is an indication of phasic endurance; (3) to de­
termine whether a static strength measurement is an indication 
of static endurance; and (4) to determine whether phasic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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endurance and static endurance are related.
Importance of the study. A number of studies have 
been conducted In which phasic and static training programs 
have been paralleled. In evaluating these training programs 
only a static muscular strength test Is applied to both types 
of strength. This study, will determine whether phasic and 
static muscular strength are sufficiently related to justify 
the use of only one strength test,
A number of studies have related strength Improve­
ment to endurance Improvement after a training period.
After a review of the literature It was established that 
no study had been conducted which affiliated static and 
phasic strength to static and phasic muscular endurance, 
Cureton (10) refers to muscular endurance as being 
either phasic muscular endurance or static muscular endurance, 
Prom past Investigation, most researchers agreed, strength 
Is related to endurance. This was also established by 
Clarke (3)» Tuttle, Janney and Salzano (29), Elbel (14), and 
Howell, Klmato, and Morford (19). This study was designed to 
find If there was any relationship between phasic and static 
endurance and/or maximum phasic and static strength and 
endurance. With the Increased emphasizes on phasic and 
static training for strength development, It was felt to be 
of merit to know which (phasic or'static endurance) was 
related to strength.
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III. BASIC ASSUMPTIONS
The following assumptions were basic to this study.
1„ Phasic and static muscular strength and phasic 
and static muscular endurance can be measured 
reliably by those methods described in Chapter III,
2. The elbow flexors are a reliable muscle group for
measurement of phasic and static strength and
phasic and static muscular endurance (8).
IV. LIMITATIONS OF THE STUDY
The following limitations related to the number of 
subjects and the muscle group tested.
1. The study was limited to twenty subjects attend­
ing the University of Montana. All subjects
were male and between the ages of eighteen and
twenty-seven.
2. The study was limited to the right elbow flexor 
muscle group,
V. DEFINITIONS
The following terms are defined as they were used 
in this study.
Elbow flexion. Flexion at the elbow when the fore­
arm is moved in a direction that diminishes the anterior 
angle at the elbow.
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Phasic muscular strength. The amount of contraction 
force the elbow flexors can attain by shortening the length 
of the muscles in a single contraction.
Static muscular strength. The amount of contraction 
force the elbow flexors can attain without appreciably short­
ening the length of the muscle in a single contraction.
Phasic muscular endurance. The number of contractions 
of the elbow flexors at a rate of thirty contractions per 
minute, with a load of three-eighths of the maximum phasic 
strength.
Static muscular endurance. The amount of time the 
subject could exert sufficient force by sustained contraction 
of the elbow flexors to hold the tensiometer indicator at 
three-eighths of the maximum static strength.
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CHAPTER II 
SURVEY OF RELATED LITERATURE
A vol-uminous quantity of literature has been written 
in the last fifteen years on strength and endurance. Since 
the published study by Hettinger and Müller, static and pha­
sic muscular strength have received increased attention. A 
brief summary of those studies pertinent to the relationship 
of phasic and static strength and phasic and static muscular 
endurance ensues,
I. PHASIC AND STATIC STRENGTH RELATIONSHIP
Little interest was displayed in static weight train­
ing until 1953 when the findings of Hettinger and Müller (18) 
were disclosed. These researchers endeavored to evaluate the 
worth of static contraction exercise in which the intensity 
and duration of the exercises were measured to analyze their 
effect on muscular strength and size. Over an eighteen month 
period, nine subjects trained through the performance of 
pulling and holding predetermined amounts of tension against 
a dynamometer. Increases in muscular strength were more rapid 
with increasing intensity of training loads up to two-thirds 
of the maximal strength. One daily exercise bout of static 
exercises for six seconds at two-thirds maximum resistance 
was found to be as effective as longer durations of exercise, 
Hettinger and Müller resolved that daily static exercise
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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used less time and energy and produced equivalent muscular 
strength as longer methods.
Berger (1) studied the changes in phasic strength pro­
duced by static training and the changes in static strength 
produced by phasic training. Two groups of subjects trained 
for twelve weeks. Training statically increased static 
strength significantly more than training phasically and, 
conversely, training phasically increased phasic strength 
significantly more than training statically. An improve­
ment in static strength did not result in a corresponding 
improvement in phasic strength. Also, an improvement in 
phasic strength did not result in a corresponding improve­
ment in static strength. This was indicated by the coeffi­
cient of correlation between the increment in static strength 
and the increment in phasic strength from initial to final 
testing. This was an indication that a phasic strength test 
should be used to determine strength changes due to phasic 
training, and a static test should be used to measure strength 
changes due to static training.
Berger (1) noted that Richards tested 18? subjects for 
maximum phasic and static strength of the quadriceps femoris 
muscle group and found a correlation of 0.6? between the two.
The effectiveness of static exercises as opposed to 
phasic exercises upon the elbow flexor muscles was investi­
gated by Mathews and Kruse (21). One hundred and twenty male
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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subjects from Springfield College were divided into two 
weight training groups. Group "A" engaged in phasic re­
sistance exercises. Both groups were further subdivided 
into four more groups each, totaling eight groups in all.
The four groups of group "A”, although using the same methods 
of phasic exercises, trained two, three, four, and five 
days per week respectively. The four groups of group "B" 
followed a similar experimental design utilizing static ex­
ercises, The members of group ”A” trained by means of the 
Kelso-Eellebrandt ergometer whereas the members of group 
”B" utilized the Clarke Cable Tension Strength Test which 
was employed to measure strength gains for both groups. The 
researchers concluded, as did Hettinger and Müller earlier, 
that static resistance exercises caused a greater magnitude 
in muscular strength than was caused by phasic exercises.
It was also found that the five-day week exercise program 
was most beneficial in terms of strength gained.
Rasch (25) studied the relationship between the ten­
sion which could be exerted by trained subjects in a single 
maximum static elbow contraction and the maximum weight 
which could be moved in a single phasic elbow flexion. Twenty- 
four male students were trained with progressive resistance 
unilateral curls and presses for a period of six weeks. At 
the end of the training period, the amount of tension which 
could be recorded in a single maximum static contraction.
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as recorded on a strain gauge, and the amount of weight which 
could be handled in a single maximum dumbbell curl were 
ascertained. It was found that the subjects could exert a 
mean static tension of 43,2 pounds, with a standard devia­
tion of 3.4 pounds, and a mean maximum phasic contraction of 
4l,8 pounds, with a standard deviation of 6,9 pounds. The 
difference of 1,4 pounds between the two means was of no 
statistical si^ificance. So far as trained male subjects 
were concerned, there appeared to be no great difference 
between the amount of tension which could be recorded in a 
single maximum static elbow contraction and the amount of 
weight which may be handled in a single maximum phasic elbow 
flexion.
II, STRENGTH-ENDURANCE RELATIONSHIPS
Clarke (3) states that:
Muscular strength and muscular endurance are 
not the same, although they are related. Indivi­
duals with greatest muscular strength have greatest 
absolute endurance; however, stronger muscles tend 
to maintain a smaller proportion of maximum strength 
than do weaker muscles.
Also Clarke (5) has stated:
The effects of isotonic exercise favor the 
improvement of muscular endurance and the retention 
of muscular strength following cessation of exercise. 
Static contractions restrict bleed circulation to a 
greater extent than do phasic contractions. For 
static work the amount of oxygen, oxygen debt, and 
total oxygen requirement increase linearly in pro-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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portion to the size of the load; this constriction 
of circulation with attendant effects on the oxygen 
supply to the muscles logically restricts the de­
velopment of muscular endurance when training with 
static exercises.
Sullivan (28) studied the effects of static and phasic 
exercise of the quadriceps extensor femoris on strength 
and endurance. Eighty-one subjects were divided into three 
groups, one being a control group, and were trained for six 
weeks. The phasic exercise group exercised twice weekly by 
lifting a weight, from ninety degrees of knee Joint flexion 
to iSO degrees of knee Joint extension. The static exercise , 
was performed with the knee Joint at a I65 degree angle and 
consisted of two six-second maximal contractions of the quad- 
receps. In the pre-and-post-test, strength and endurance of 
the right quadriceps were taken. Static and phasic exercise 
groups were tested by means of a static strength test. En­
durance was tested by use of the ergograph and twenty per­
cent of the maximum strength of the knee extensors was used 
as the load.
Both static and phasic exercise groups exhibited an 
increase beyond the 0.01 level of confidence in strength and 
endurance. Mean gain differences of the static and phasic 
groups were compared in strength and endurance. The static 
exercise groups demonstrated a gain in strength over the phasic 
group which was significant beyond the 0.01 level of confi­
dence, However, the phasic exercise group demonstrated an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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endurance gain over the static exercise group which was sig­
nificant beyond the 0,05 level of confidence,
Tuttle, Janney, and Salzano (29) utilized dynamometers 
based on the strain gauge principle for measuring the max­
imum strength and endurance of the back and leg muscles.
Two phasic strength-endurance indices were obtained: an 
absolute index, as the total area of contractile curve main­
tained for a specified time; and a relative index, as the 
average strength maintained for the given time. They found 
that the correlation between maximum strength and the 
absolute strength endurance index was 0,90.
In another study by Tuttle, Janney, and Thompson (30) 
the relationship between grip strength and grip endurance 
was investigated. Data were collected from 200 university 
men between the ages of twenty and thirty years. The per­
centage of the maximum grip strength which was maintained 
for one minute (strength endurance) was correlated with max­
imum grip strength. The coefficient for the right hand was 
-0,40 and for the left, -0,41, This suggests that stronger 
individuals can maintain a smaller proportion of their max­
imum strength than those with less initial strength. How­
ever, a correlation of maximum strength with the strength 
endurance index gave a coefficient of O.67 for the right 
hand, and 0,66 for the left. This indicates that the indivi­
duals with the greater maximum strength have a greater strength
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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endurance index,
Elbel (14) studied the relationship between leg strength, 
leg endurance and other body measurements. Five hundred- 
ninety potential pilots and pilots were divided into four 
groups. Especially designed apparatus was used for securing 
data relative to leg strength and leg endurance. Low but 
significant coefficients of correlation were found between 
leg endurance and leg strength for these groups. Considering 
the measurements for each leg as to significance, there was 
little consistency in the coefficients of correlation between 
leg strength and leg endurance. Data for the right leg for 
the group of pilots gave significant coefficients of correla­
tion between leg strength and leg endurance at all increments, 
Hansen (1?) trained seven subjects by using ten maxi­
mal resistance phasic exercises a day for five weeks. Before 
and after the training period of phasic strength, static 
strength, phasic strength, and phasic and static endurance 
were tested. As a result, Hansen found that training phasi­
cally increased phasic and static strength, but no signifi­
cant increase in static or phasic endurance resulted,
Howell, Kimato, and Morford (19) determined the rela­
tive effects of a static exercise program, the Commander Set 
of static exercises, and a regular phasic exercise program of 
weight training upon muscular endurance as measured by 
two-minutes of all-out work on a bicycle ergometer at 14
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kilograms resistance. Both experimental groups showed 
statistically significant improvements in the bicycle er­
gometer test. No statistically significant differences 
between the means of the initial and final scores of the 
two experimental groups was found. They concluded that in­
creases in muscular endurance may be effected by certain pro­
grams of static contractions as well as phasic.
Dennison, Howell, and Morford (11) found that both 
the phasic and static exercise programs brought about sig­
nificant increase in endurance. The difference between the 
two groups were not significantly different.
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CHAPTER III 
METHODS AND PROCEDURES
I. SUBJECTS
Twenty subjects were selected from the required 
physical education program and staff at the University of 
Montana. Only subjects who had no recent experience in 
phasic or static exercise training were selected. The sub­
jects were in good physical condition and without any in­
juries to their right arm or shoulder. The physical char­
acteristics are shown in Table I.
TABLE I
PHYSICAL CHARACTERISTICS OF SUBJECTS
Subjects WeightPounds
Height
Inches
Age
Years
G. A. 180 72 19L. B. 174 72 20
W. B. 157 75 18L. C. 160 70 23• R. F. 147 70 19R. G. 207 80 21
G. K. 150 69 18S. K. 160 70 18
R. L. ISO 71 18G. N. 180 69 18
R. M. 200 72 22
J. N. 135 67 19C. 0. 185 70 27R. P. 150 70 20
T. S. 110 65 19B. S. 157 70 27D. T. 170 71 19L. W. 120 65 18
J. R. 208 72 22
S. T. 160 70 23
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II. SELECTION OF EQUIPMENT FOR STRENGTH 
AND ENDURANCE MEASUREMENT
One of the most objective instruments for measuring 
static muscular strength and static muscular endurance is 
the cable tensiometer, Clarke (4) compared objectivity 
coefficients and found the cable tensiometer had greater 
precision than, either a strain guage or spring scale. An 
objectivity coefficient of O.96 was quoted by Clarke for 
measuring elbow flexion. Cable tension is determined by 
measuring the force needed to create an offset on a riser in 
a cable stretched between two points or sectors, A pointer 
registers the amount of tension pounds. Tension pounds may 
be converted directly into pounds by use of a calibration 
chart or calibration curve. Twenty-eight strength tests 
based on movements of the wrist, elbow, shoulder, knee, and 
ankle were originally proposed by Clarke, A later study (6) 
changed the total number of tests to thirty and changed many 
of the joint angles and body positions.
Donnelly and Hunsicker (12) substantiated Clarke's 
objectivity coefficient for the tensiometer. They state,
"In comparing objectivity coefficients it was found that 
the cable tensiometer had greater precision than either a 
strain guage, spring scale, or myometer,"
A cable-pulley apparatus was found to be applicable 
for testing phasic muscular strength and endurance. This
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apparatus consisted of a handle grasped by the subject which 
was attached to a pulling assembly. The cable extended 
horizontally to the subjects arm and ran to a pulley at the 
foot-end of the table. Then it ran downward to where it 
connected with the weight platform. By placing changeable 
weights on the platform, the amount lifted by the subject 
was controlled. With this apparatus the subject performed 
the same movements as in a one arm curl* In a pilot study 
using six subjects, this apparatus had a test-retest reli­
ability of 0 ,91 from trial one to trial two.
III. SELECTION OF MUSCLE GROUP AND 
POSITION FOR TESTING
The elbow flexors were selected for testing phasic 
and static muscular strength and phasic and static muscular 
endurance. Clarke (8) obtained the best reliability when 
testing the elbow flexors. Rasch (24), Downer (13)» and 
others (20, 15» and 2) found this to be true also. A most 
important reason for the designation of the elbow flexors is 
the large amount of research available on the best position 
for the forearm in testing. Clarke (?) published an article 
which summarizes this research. The points brought forth 
in this article were incorporated in this study.
In testing for endurance, consistent results could 
only be achieved when exhaustion occurred in about two min­
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utes. An identical load could not be used for all subjects 
in such testing,if repeatable results were to be obtained. 
Thus, it became necessary to adapt the amount of the load 
for each individual. The procedure found to be effective in 
determining this amount was to take a proportion of the 
strength of the muscles to be exercised. In initial ergo- 
graphic endurance testing of the elbow flexor muscles, a 
load equal to three-eighths proportion of the maximum stren­
gth of these muscles, with a cadence of thirty repetitions 
per minute, resulted in a test-retest correlation of O.85  
(7).
The work output of muscles in exhaustion performances 
is greater when they are in position to apply greatest ten­
sion at the point of greatest stress. The strongest position 
for the application of the maximum strength of the elbow 
flexor muscles is with the forearm midway in the range of 
motion of the elbow Joint, between 100 and l4o degrees. A 
decrease of approximately twenty-eight per cent in the abil­
ity of these muscles to apply tension occurs when the fore­
arm is fully extended at 180 degrees (9). Hunsicker and 
Greey (20), and Downer (I3) found the maximum strength of the 
elbow flexors to be at 90 degrees. It was decided to use an 
angle of 100 degrees for the static test in this study.
The speed of muscular contraction affects muscular 
endurance performance. There appears to be a specific com­
bination of load and cadence which produces maximum work out-
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put of each muscle group. For elbow flexion an effective 
cadence or speed of muscular contraction was found to be 
thirty complete repetitions per minute (?),
Rasch (24); Downer (13)» and Hunsicker and Greey (20), 
as well as Clarke (8), found that there were variations in 
maximum strength when the forearm was in pronatlon, supina­
tion, and the mid-position. Because of the arrangement of 
the apparatus and the high coefficient found by Clarke (8) 
for supination (0.92); this position was adopted for the 
testing of phasic and static muscular strength and phasic and 
static muscular endurance. All of the studies cited above 
found a similar high correlation of coefficient for supina­
tion.
IV. EQUIPMENT AND APPARATUS
The phasic muscular strength and phasic muscular en­
durance testing apparatus used is described below. Static 
muscular strength and static muscular endurance test measure­
ments were taken according to Clarke’s (8) directions with 
similar equipment to that he described. This equipment is 
described in the following paragraphs also.
Testing table. The testing table was approximately 
eight feet by two feet. It consisted of a pulley apparatus 
at the foot-end and to one side. A foot board which was ad­
justable to the subject was directly in front of the pulley 
apparatus. An arm support was adjustable so that the sub-
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Ject could place his right arm in the most comfortable posi­
tion, An adjustable shoulder brace kept the subject from 
sliding during exertion. Also, an adjustable block restrict­
ed the phasic movement to a certain number of degrees. The 
position of the adjustable apparatus was recorded by the 
number of the hole in which it was placed, A strap was in 
position to limit the lifting of the right arm from the table. 
An open-eye screw hook was located at the foot-end of the 
table to which the static pulling assembly was connected.
This table enabled the subjects to be in the same position 
for each test and limited, as much as possible, the use of 
any other muscle groups (see Figure 1),
Phasic chain and snap pulling assembly. A forty-six
inch piece of one-sixteenth inch flexible cable was attached 
to two safety hooks, one at each end. An eighteen inch link 
chain was attached to the cable, A swivel snap connected the 
pulling"-assembly to the grip handle. Another swivel snap 
connected the pulling assembly to the weight platform. The 
pulling assembly ran from the subject horizontally to the 
pulley and down to the weight platform.
Weight platform. The platform consisted of a circular
base six inches in diameter, A three-quarter inch rod ex­
tended twelve inches perpendicular to the base and attached 
to the center of the base. An eye-bolt was screwed into the 
top of the rod which attached the swivel snap to the pulling 
assembly. This apparatus weighed four and one-half pounds.
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Weights. The weights were Olympic standard weights
and were checked for accuracy. The weights consisted of:
2 - One-and-one-quarter pound weights 
4 - One-and-one-half pound weights 
2 - Two-and-one-half pound weights 
2 - Five pound weights 
6 - Ten pound weights
Any combination within one-quarter of a pound was possible
with the above weights.
The cable tensiometer. The cable tensiometer measures
strength by measuring the tension on a cable due to a force
exerted by the subject.
Static chain and snap pulling assembly. A short
piece (12 to 18 inches) of one-sixteenth inch flexible cable
was attached to a link chain approximately three feet long,
A safety hook was fastened to the cable and connected the
cable to the grip handle. The cable tensiometer was placed
on this cable in order to record the static strength force
exerted by the subject.
Grip handle. The subject grasped the pulling assembly
by the grip handle. This handle was constructed from cast
iron metal, shaped in the form of a horseshoe. A round
wooden grip fit into the open ends by a rod. This was then
grasped by the subject.
Goniometer. A goniometer was used to measure the
joint angle at which force was to be applied by the subjects.
This instrument is a plexiglass protractor with a fixed arm
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attached to its base line, and an adjustable arm attached 
to the mid-point of the base line. The angle was measured 
by moving the adjustable arm in relation to the fixed arm.
Metronome. A metronome was used to set the cadence 
for contraction during phasic endurance testing. The metro­
nome was set at sixty beats per minute.
Stop watch. A stop watch was used to record the time 
of the static endurance contraction. Readings were attain­
able to one-tenth of a second.
V. METHODS OP GIVING TESTS
Maximum phasic strength. Maximum phasic strength was 
tested by the maximum amount of weight the subject could 
elevate one time. The subject was placed in a supine posi­
tion with his hips and knees flexed and his feet resting on 
the table and against the foot board. His free hand was placed 
on his chest. The subject's upper right arm was adducted to 
a position alongside the body and resting on the supporting 
surface. His elbow was placed in l6o degrees of flexion and 
his forearm in a supine position. The handle was gripped 
by the subject and attached to the pulling assembly. A 
strap was placed over the right arm just above the elbow 
Joint. It was fastened so as not to restrict normal flexion 
of the arm. The cable ran from the handle horizontally to the 
pulley and then down to the weights. The tester would instruct 
the subject to pull exclusively with the forearm. The sub-
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ject would contract until he touched the block which was 
placed for sixty degrees flexion.
The maximum weight the subject could elevate one time 
through the range of motion was obtained. This was found by 
trial and error, A minimum of three minutes was allowed be­
tween trials. Berger (1) found that a two minute resting 
period was sufficient for full recovery between tests. No 
more than four trials were necessary to obtain the indivi­
dual's maximum phasic strength.
Maximum static strength. The subject was placed in 
the same position as for the maximum phasic strength test 
except his elbow was placed in 100 degrees of flexion. The 
subject grasped the handle and the pulling assembly was con­
nected to the eye-hook at the end of the table. The tester, 
while holding the tensiometer in place, would instruct the 
subject to pull exclusively with the forearm, not raising 
his head, his shoulders or his hips.
Phasic muscular endurance. The subject was placed in 
the same position as for the maximum phasic strength test. 
Three-eighths of the subject's maximum phasic strength was 
calculated and placed on the weight platform. With the el­
bow in l6o degrees of flexion the subject grasped the handle 
and pulled to sixty degrees of flexion. The metronome was 
started with a sixty beat per minute rhythm. The subject 
flexed to one beat and extended the elbow to the next beat, 
which resulted in thirty contractions per minute. The sub -
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Ject was encouraged to keep to the rhythm. Once the subject 
could no longer continue to the rhythm, he discontinued the 
effort. The number of contractions were then recorded.
Static muscular endurance. The subject was placed 
in the same position as for the maximum static strength test 
with the.arm in 100 degrees of flexion. Three-eighths of 
the maximum static strength was calculated. The subject 
exerted enough tension on the tensiometer to keep it at that 
particular level. The subject continued this until he could 
no longer keep it at the three-eighths level. The time that 
the subject kept the tensiometer at this level was recorded,
VI. EXPERIMENTAL PROCEDURES
The subjects were tested by appointment on Monday 
through Friday. The first testing appointment was designed 
to familiarize each subjects with procedures of the test and 
to give the tester an idea of the subject's maximum phasic 
strength.
When a subject arrived at the laboratory, he disrobed 
and recorded his weight. Next, the subject completed the 
personal information sheet while the tester briefed him as 
to what was expected of him during the testing. He then re­
dressed and took his position on the table. The subject's 
proper position was found for that particular test. These 
positions were recorded by noting the number of the hole in 
whicn the adjustable apparatus was located. The link of chain
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to which the swivel snap attached was also recorded. Each 
time the subject was tested he was placed in the same posi­
tion.
Approximately four subjects were tested per hour.
Each subject was tested twice in all tests. The subject was 
given a rest period of no less than three minutes nor more 
than six minutes between trials on any of the maximum strength 
tests. No more than two tests were administered at any one 
testing period. The maximum phasic strength test and maximum 
static strength test were administered to all subjects prior 
to the other tests. This was necessary because the endurance 
tests were dependent upon the results of the maximum strength 
tests. In testing maximum strength ten subjects followed this 
schedule:
Test Period I
Trial 1 - Maximum static strength
Trial 1 - Maximum phasic strength
Test Period II
Trial 2 - Maximum phasic strength
Trial 2 - Maximum static strength
The other ten subjects were tested in reverse order to the
above. Upon the completion of both trials of the maximum
strength tests, the phasic muscular endurance and static
muscular endurance tests were administered. Only one endurance
test was given on any particular day. This was due to the
long recovery period needed. In testing muscular endurance
ten subjects followed this schedule:
Test Period III
Trial 1 - Phasic muscular endurance
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Test Period IV
Trial 1 - Static muscular endurance
Test Period V
Trial 2 - Phasic muscular endurance
Test Period VI
Trial 2 - Static muscular endurance
The other ten subjects were tested in reverse order to the
above.
VII. INTERPRETATION OF SCORES
All tests were administered twice. In view of the 
facts presented by Whitley and Smith (31)» it seems that the 
practice of using the best of several performance scores in 
preference to using the individual averages does not rest on 
a sound foundation. It was found that in strength tests the 
average score was the best. The static strength test re­
sults were converted into pounds through the use of a con­
version chart (see Appendix, page 46), and the mean value of 
these two scores calculated and then recorded as the strength 
of the elbow flexors. This same procedure was adopted for 
the other tests.
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CHAPTER IV 
ANALYSIS AND DISCUSSION OF RESULTS
I. METHOD OP ANALYSIS
Pearson’s Product-Moment Coefficient of Correlation 
was used to evaluate the relationship between maximum phasic 
and static strength and phasic and static muscular endurance. 
This same test was used to test the reliability of trial 
one and trial two in maximum phasic and static strength and 
phasic and static muscular endurance. Since the data was 
ungrouped and there was a small sample (twenty), Garrett’s (l6) 
coefficient of correlation when deviations are taken from 
the assumed means of the two distributions was used. Gar­
rett’s (16) formula is:
r = ^ ----- - CxGy
^ x  (2y
Where r = The coefficient of correlation when deviations
are taken from the assumed means of the two
distributions.
 ̂x’y’ = Sum of the product of the difference of 
the actual score and the assumed mean.
N = Number of subjects in sample.
C^ = Difference between the actual mean and 
assumed mean of test x.
Cy = Difference between the actual mean and 
assumed mean of test y,
C7̂  = Standard deviation of test x.
CTy = standard deviation of test y.
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The standard error of the mean measures the degree to 
which the mean is affected by the errors of measurement as 
well as by errors of sampling. The standard error of the 
mean was computed by the following formula (l6);
Sjh = _____ 8 ..
Y ~ N
Where Sm = Standard error of the mean in small samples,
1T " = W "
N = The size of the sample.
To discover whether maximum phasic and static strength 
and phasic and static muscular endurance differed sufficiently 
in mean performance to enable one to say with confidence 
that there is a difference between the means of the pupu- 
lations from which the samples were drawn, it was necessary 
to know the standard error of the difference between the 
sample means. The standard error of the difference between 
the means was computed using the following formula (l6):
SEd = ,________ _ _________________
C?m| - I -  Om^ - 2r^2
Where = Standard error of the difference between 
correlated means.
(Tmi = Standard deviation of mean one.
0~m2 = Standard deviation of mean two.
^12 “ Coefficient of correlation from test x 
and test y.
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The "t" test was used to determine the levels of signif­
icance (16).
Where t = Difference between means divided by the 
standard error of the difference.
According to Garrett’s (I6) table of "t", for use in deter­
mining the significance of statistics, the degrees of freedom 
are (N-1) or 19.
TABLE II 
GARRETT’S TABLE OF t
Degrees of 
freedom 0 ,05 0.01
19 2 ,54 2,86
II. ANALYSIS OF RESULTS
The reliability of the maximum static and phasic 
strength and static and phasic muscular endurance tests are 
shown in Table III. This was based upon the first and sec­
ond trials of the test preceded by a training test for each 
condition. Included in Table III are the standard error 
of the difference of the means of trial one and trial two. 
All tests had a statistically significant coefficient from 
trial one to trial two.
The various relationships between maximum static and 
phasic strength and static and phasic muscular endurance are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
30
TABLE III
BASIC STATISTICS FOR STATIC AND PHASIC 
STRENGTH AND ENDURANCE
Mean Mean Stand. Reliability
Test Trial Trial Mean Devia­ of t
No. 1 No. 2 tion Tests^
Maximtam phasic
strength (lbs.) 44.3 4 5 .3 44.8 5.56 0.88 0.02Maximum static
strength (lbs.) 56.0 57.2 56 .6 6.39 0.88 0.01Phasic muscular
endurance (rep. ) 4-1.2 4-4-.4 42.8 7.37 0.80 2.62^^Static muscular
endurance (sec. ) 78.9 78.7 78.8 14.28 0.87 0 .1 5
*The reliabilities of the tests were determined using the 
first and second trials.
♦♦Statistically significant at the 0.05 level.
TABLE IV
RELATIONSHIPS OP STATIC AND PHASIC STRENGTH 
AND STATIC AND PHASIC ENDURANCE
Coefficient
Test of
Correlation
Maximum phasic strength to
maximum static s t r e n g t h . . 0.77* 
Maximum phasic strength to
phasic muscular endurance................. 0.04
Maximum phasic strength to
static muscular endurance................ -0.37
Maximum static strength to
static muscular endurance................ -0.42
Maximum static strength to
phasic muscular endurance.  ....  0.05
Phasic muscular endurance to
static muscular endurance............... -0.l6
♦Statistically significant at the 0.01 level.
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shown in Table IV. The subjects, in strength testing, ex­
erted a mean maximum phasic contraction of 44.8 pounds, with 
a standard deviation of 5.6 pounds, and a mean static tension 
of 56.6 pounds, with a standard deviation of 6.4 pounds.
A coefficient of correlation of 0.77 was obtained be­
tween maximum phasic and maximum static muscular strength. 
Using Garrett's (I6) Table of Levels of Significance of 
Correlation Coefficients, "r" was found to be statistically 
significant at the 0.01 level. According to Table V the 
levels of significance were as follows:
TABLE V
CORRELATION COEFFICIENTS AT THE 5% AND 1%
LEVELS OF SIGNIFICANCE
Degrees of
freedom 0.05 0.01(N-2)
18 .444 .561
A "t" test was computed to evaluate the significance 
of the difference between the means of maximum phasic strength 
and maximum static strength. The difference of 11.8 pounds 
was statistically significant at the 0.01 level.
The maximum phasic strength contractions ranged from 
34.25 pounds to 53.75 pounds, A coefficient of O.67 was 
obtained for the relationship between maximum phasic strength 
and the weight of the subjects. This was statistically sig-
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nlfleant,
A number of studies have reported a relationship be­
tween strength and endurance. In the endurance testing the 
subjects exerted a mean phasic endurance of 42.6 repetitions, 
with a standard deviation of ?.4 repetitions, and a mean 
static endurance tension of ?8,8 seconds, with a standard 
deviation of l4,3 seconds.
Phasic muscular endurance ranged from 31.5 repetitions 
to 59.5 repetitions for the mean of the two trials. Static 
muscular endurance ranged from 6l seconds to 114,5 seconds 
for the mean of the two trials.
In relating maximum phasic strength and phasic endur­
ance a coefficient of 0.04 was obtained. Maximum phasic 
strength In relation to static endurance was found to have a 
coefficient of -0.37. This also was of no statistical sig­
nificance. The relationship between maximum static strength 
to static endurance was of no significance with a coefficient 
of -0,42, The relationship of maximum static strength to 
phasic muscular endurance had a coefficient of 0.05. In 
relating phasic endurance to static endurance the coefficient 
was -0,l6, In no way was phasic or static muscular endurance 
found to be related to each other or to maximum static or 
phasic strength.
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III. DISCUSSION OF RESULTS
A significant relationship was obtained between max­
imum phasic strength and maximum static strength (0,77).
This was in agreement with Berger (1) who obtained a coef­
ficient of 0.67 between maximum phasic strength and maximum 
static strength. Mathews and Kruse (21) found that greater 
static muscular tension can be developed than can phasic 
muscular tension. In this study the mean static tension was
11.8 pounds more than the mean phasic contraction. Although 
there is a statistically significant difference between the 
means, a high degree of relationship remains between maximum 
phasic and static strength. A "t” test used to evaluate the 
difference between the means of maximum phasic and static 
strength was 12.69. This was statistically significant at 
the 0.01 level.
It is concluded, that in the testing procedure used in 
this study, there appears to be a large difference between 
the amount of tension which could be recorded in a single 
maximum static elbow contraction and the amount of weight 
which may be handled In a single maximum phasic elbow flexion.
Berger’s (I) conclusion that a phasic strength test 
should be used to d^t^rmlne strength changes due to phasic 
training, and tr.at a st i'ic test should be used to measure 
strength changes due to stuti.. training seems to be supported 
by this study. -' e strer-.oth test has been used con-
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siderably more since it is easier to record maximum strength 
with the use of a tensiometer. Since there is a high degree 
of relationship between maximum static and phasic strength, 
researchers have felt justified in using only one test to 
measure improvement. However, since the strength scores 
. differed significantly, Berger's conclusion would seem in 
order.
Most researchers are in agreement that strength is 
related to the body weight. A statistically significant 
relationship (0.01) was obtained between maximum phasic 
strength and the weight of the subjects. On the other hand 
a coefficient of 0.44 was obtained for the relationship be­
tween maximum static strength and the weight of the subjects. 
This was of no statistical significance at the 0.05 level.
A number of researchers, including Clarke (3) and 
Elbel (14), have stated that strength is related to endur­
ance. In a thorough review of the literature in this area 
no study was found that related phasic endurance to maximum 
phasic strength or static muscular endurance to maximum 
static strength. In addition, no one had related phasic 
muscular endurance to static muscular endurance.
In relating maximum phasic strength to phasic mus­
cular endurance a coefficient of 0,04 was obtained which 
was not statistically significant. In relating maximum 
static strength to static muscular endurance a coefficient
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of -0.42 was obtained. This, too was of no statistical 
significance. Tuttle, Janney, and Thompson (30) found that 
maximum grip strength correlated to the percentage of the 
maximum grip strength maintained for one minute (strength 
endurance) by a coefficient of -0.40 for the right hand and 
-0.41 for the left, Elbel (14), in contradiction, found 
low but significant coefficients of correlation between 
leg endurance and leg strength.
One explanation for the lack of relationship in this 
study may be the fact that phasic and static muscular endur­
ance testing was based on 3/8 of the subject's maximum phasic 
and static strength.
Hansen (1?) concluded that training phasically in­
creased phasic and static strength, but no significant in­
crease in phasic or static endurance resulted.
Finding no relationship in phasic and static strength 
to static and phasic endurance, a linear correlation was 
conducted on phasic endurance to static endurance. The 
result was a coefficient of -0,l6,
It was surprising to find most of the coefficients 
of correlation to be negative or very low positive. Even 
though the literature is not in agreement on the relationship 
of maximum strength to endurance there is an indication that 
there is a slight degree of relationship. This study does 
not substantiate this conclusion.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
I. SUMMARY
It was the purpose of this study to Investigate the 
relationship between maximum phasic strength, maximum 
static strength, phasic muscular endurance and static mus­
cular endurance. Specifically, maximum phasic strength 
was correlated to maximum static strength, maximum phasic 
strength was correlated to phasic muscular endurance, 
maximum static strength to static muscular endurance and 
phasic muscular endurance to static muscular endurance.
Maximum phasic muscular strength was determined by 
the amount a subject could move 100 degrees in elbow flexion. 
Maximum static strength was determined by the amount of 
tension a subject could exert. This was measured by the 
cable tensiometer. Phasic muscular endurance was measured 
by the number of contractions of the elbow flexors at a 
rate of thirty contractions per minute., with a load of three- 
eighths of the maximum phasic strength. Static muscular 
endurance was determined by the amount of time the subject 
could exert sufficient force by sustained contraction of 
the elbow flexors to hold the tensiometer indicator at three- 
eighths of the maximum static strength.
The data was obtained from twenty subjects who were
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selected from the required physical education program and 
staff at the University of Montana, The subjects were 
familiarized with the testing procedure on their first visit 
to the laboratory. The subjects were then tested twice in 
each of the four tests. Coefficients of correlation were
conducted on the reliability of each test. The mean of the
two trials was used in correlating strength and endurance 
measures.
The reliability of the tests was presented in Table 
form as well as the relationships of the various tests 
(Table III and IV). Pearson's Product-Moment Coefficient 
of Correlation was used to test the reliability and rela­
tionships of the tests, Garrett's (l6) Table of Levels of
Significance was used to test the null hypothesis.
It was found that:
1, A statistically significant correlation of co­
efficient of 0,77 was obtained between maximum 
phasic strength and maximum static strength,
2, There is a large difference between the amount 
of tension which could be recorded in a single 
maximum static elbow contraction and the amount 
of weight which may be handled in a single max­
imum phasic elbow flexion.
3, Maximum phasic strength and phasic muscular en­
durance do not correlate significantly (0.04).
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4, The relationship between maximum static strength 
and static endurance was of no significance with 
a coefficient of -0.42.
5, In relating phasic endurance to static endurance 
the coefficient was -0.16. This was of no sta­
tistical significane.
6, Maximum phasic strength related significantly to 
the weight of the subjects but maximum static 
strength displayed no significant relationship to 
the weight of the subjects.
II. CONCLUSIONS
On the basis of the findings of this study the fol­
lowing conclusions were made;
1. Maximum phasic strength and maximum static 
strength, though significantly correlated, are 
sufficiently different to warrant the use of 
separate tests to measure the improvement of 
strength resulting from static and phasic train­
ing.
2. Maximum phasic strength has no relationship to 
phasic muscular endurance.
3. Maximum static strength has no relationship to 
static muscular endurance,
4. Phasic muscular endurance and static muscular
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endurance are not related» In no way was phasic 
or static strength related to phasic or static 
muscular endurance.
III. RECOMMENDATIONS
In view of the findings and conclusions from this 
study, the following recommendations have been made,
"1. Different percentages of maximum strength should
be used to test the effects this has on the cor­
relation coefficient of maximum strength to 
static and phasic muscular endurance.
2. A study should be conducted in which other 
muscle groups are correlated as in this study 
to determine if there would be any change.
3. A study should be conducted in which the same
testing procedures are used and then followed by
a training period to see if the results change 
significantly.
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APPENDIX A
CALIBRATION OF TENSIONETER
User Tension Riser Tension
No. Lbs, No. Lbs.
5 10.0 36 51.06 ... 11.0 37 52.5
7 12.5 38 54.08 13.5 39 55.0
9 15.0 4o *** 5 6 .510 *** 16.0 4l 58 .0
11 17.5 42 60 .0
12 18.5 43 6 1 .5
13 20.0 44 63 .014 21.0 if 5 *** 65.0
15 22.5 46 66 .516 24.0 47 68.0
17 25.0 48 70 .018 26.0 49 72 .0
19 27.5' 50 ♦** 75.020 *** 28.5 51 77.021 30.0 52 80 .0
22 31.0 53 82.0
23 32.5 54 85.024 33.5 55 *** 87 .0*** 35.0 56 90 .0
26 36.5 57 92 .0
27 38.0 58 95 .0
28 4o.O 59 97 .0
29 41.0 6o *** 100.030 *** 42.5
31 43.532 45.0
33 46.534 48.0
35 *** 50.0
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APPENDIX B
SAMPLE STRENGTH QUESTIONNAIRE
This questionnaire is designed to eliminate any extraneous 
factors which might influence your result on the strength 
and endurance tests. Please answer this questionnaire as 
honestly as possible. Thank you.
NAME DATE
AGE HEIGHT WEIGHT TIME
1. Are you, or have you, participated in any organized ath­
letic events in the last month?
2, Are you, or have you, participated in a program of weight 
lifting in the last three months?
3. Have you participated in any strenuous activity in the 
last 24 hours? If so, what did this consist of?
4. Has anything occurred in the last 24 hours that you feel 
may affect your ability to apply maximum strength? 
(emotional or physical) If yes, would you describe?
5. Briefly describe your last meal and when you ate it.
6, Have you had any recent illness which might possibly 
affect your strength (flu, cold, strep throat, etc.)?
7. Do you have any soreness, stiffness or any other injury 
to your right hand, arm or shoulder? If yes, would you 
describe?
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